Introduction
Kisspeptin, also called metastin, was first discovered from a metastasis suppressor gene, KISS1 in 1996 (1) . Since the time it was first discovered, it has been understood that kisspeptin was involved in many issues including central control of the gonadotropic axis, placentation, pregnancy, energy homeostasis and cardiovascular function (2, 3) . Therefore, many studies from different fields like cancer biology, repro-tional study from Turkey, 4684 (6.07%) of 77227 patients who were screened for GDM were diagnosed as gestational diabetes mellitus (14) . In that study, the patients were evaluated by either two step or one step glucose tolerance tests. Fasting plasma glucose (FPG) testing was evaluated in 144 113 women and 21% of these were between 92-126 mg/dL, in GDM diagnosis range according to International Association of Diabetes and Pregnancy Study Group recommendations. In this study FPG dependent GDM prevalence was almost four times higher than two-step glucose screening test.
Gestational diabetes mellitus is associated with variable severity of maternal and perinatal complications such as fetal macrosomia, shoulder dystocia, birth injuries, neonatal hypoglycemia, respiratory distress syndrome, perinatal death, childhood obesity, preeclampsia, and cesarean delivery (15) . According to that, it is critical to identify gestational diabetes risk factors, predisposing factors, appropriate preventive measures, and treatment strategies.
Even though numerous functions of kisspeptin in the reproductive pathways have been emphasized in the previous studies (2, 16, 17) , some other studies have recently started to focus on the peripheral functions of kisspeptin. In the existing literature, there is a body of evidence showing that kisspeptin has important roles in regulating glucose homeostasis, insulin secretion, food intake and body composition. It is also known that inadequate kisspeptin signaling results in decreased locomotor activity and increased adiposity (18) (19) (20) (21) .
Since GDM is one of the most important metabolic problems seen in pregnancy and a close association between glucose metabolism and the kisspeptin has been detected, we aimed to evaluate the relationship between serum kisspeptin levels and GDM status in pregnant women.
Material and Method

Study population
We carried out this cross-sectional study between March 31, 2015 and September 30, 2015 at the Hitit University Hospital. The study was approved by the ethics committee of Ankara Numune Hospital which was in accordance with the Declaration of Helsinki, 2013 Brazil version (20796219-724.131). The written informed consents for the study were gathered from all participants just prior to the study.
In the study, all pregnant women between 18 to 35 years of age had singleton pregnancies. Advanced maternal age (>35 years of age), personal history of diabetes mellitus and/or GDM in previous pregnancies, history of chronic disease affecting carbohydrate metabolism, history of congenital malformation, family history of diabetes mellitus, and smoking were accepted as the exclusion criteria for the present study. Patients between 24 and 28 weeks of gestation who admitted to our obstetrics outpatient clinic were screened for GDM according to the recommendations of the American College of Obstetricians and Gynecologists (11).
All pregnant women in the low-risk group were evaluated with a 50-g glucose challenge test (GCT). Women with serum glucose ≥ 140 mg/dL at 1 h after GCT were subjected to a 100-g oral glucose tolerance test (OGTT). Serum glucose concentrations were measured at 0, 1, 2, and 3 h after glucose ingestion. The diagnosis of GDM was based on the criteria of Carpenter and Coustan (21) , in which, after a 100-g oral glucose load, 2 or more of the following plasma values must be obtained: fasting ≥95 mg/dL, 1h ≥180 mg/dL, 2h ≥155 mg/dL, and 3h ≥ 140 mg/Dl (22) . The estimation of pregnancy duration was based on routine ultrasonographic examination performed in the first trimester. BMI was calculated using pregnancy weight and height, which were recorded at the time of blood sampling.
A total of 158 pregnant women who met the inclusion criteria were included. The study population was divided into two groups according to GDM status: (i) Pregnant women with GDM (GDM group, n=76) and (ii) Healthy pregnant women (control group, n=82). The demographic and biochemical characteristics of the study population, including age, BMI, and gestational age, were recorded in the second trimester.
Sample Collection and Assays
The blood samples of the participants were collected after overnight fasting and between 08 AM and 10 AM for biochemical measurements. To measure kisspeptin levels, the sera were frozen at 20 °C within 2 h, for a maximum of 7 days and then analyzed. The kisspeptin 54 levels were determined with enzyme-linked immunosorbent assay (ELISA) method using Human KISS-54 kits (Biotek Synergy HT, Mybiosource, San Diego, CA). Maternal serum concentrations of kisspeptin, insulin and homeostasis model assessment-insulin resistance (HOMA-IR) were assessed. Serum glucose levels were determined daily using the glucose hexokinase method (Siemens Healthcare Diagnostic Limited; Camberley, UK). Serum insulin concentrations were measured by chemiluminescence assay (Advia Centaur, Siemens Medical Solutions Diagnostics; Tarrytown, USA). HOMA-IR was calculated using the following formula: Plasma glucose (mg/dL) × fasting plasma insulin (IUmg/L) in the fasting state divided by 405. All data were compared and correlation analyses were performed.
Statistical analysis
Data were analyzed using SPSS (Statistical Package for the Social Sciences) software version 21 (IBM Corp. Armonk, NY, USA). Continuous variables were first evaluated for normality of statistical distribution by the Shapiro-Wilk test. As the continuous variables were not normally distributed, a nonparametric method (Mann-Whitney U test) was used to perform the statistical analysis. Spearman correlation tests were used to determine the correlations of continuous variables. p values <0.05 were considered to be significant in all analyses.
Results
The maternal demographic and biochemical characteristics of the study, participants are summarized in table I. No difference was confirmed in maternal age and gestational duration between the GDM and the control groups (p=0.058 and p=0.820, respectively). The median values of body mass indices (BMI) of both groups were statistically similar (p= 0.062). The significant increase in serum insulin and HOMA concentrations were confirmed in GDM group (p<0.001 and p<0.001, respectively). There was no statistically significant difference of serum kisspeptin level between healthy pregnant women and pregnant women with GDM (p=0.280). We demonstrated that kisspeptin levels were higher in GDM group, but the difference did not reach statistical significance (p>0.05).
We evaluated the correlation of kisspeptin with other study parameters including maternal age, BMI, gestational duration, insulin, HOMA-IR in both groups, as presented in table II. We did not find any correlation between kisspeptin levels and maternal age, body mass index, gestational age, insulin level, and HOMA-IR value in GDM and control groups (p>0.05, for all).
Discussion
This study mainly focused on the association of serum kisspeptin level with GDM status. Kisspeptin levels were found to be higher in GDM group, but the difference was not statistically significant. Kisspeptin has several functions in metabolic pathways as participation in islet hormone crosstalk (18, (23) (24) (25) (26) , glucose-stimulated insulin secretion, and insulin sensitivity (27, 28) . Studies investigating the effect of kisspeptin on metabolism have shown that impaired glucose tolerance, higher body weight, leptin levels, and adiposity were found in kisspeptin deficient rats (29, 30) . Kisspeptin has also been shown to be responsible for the formation of an obese phenotype independent of gonadal estrogen deficiency (19) .
There are numerous studies demonstrating the relationship between kisspeptin and diabetes mellitus (DM) in the known literature. Increased circulating plasma kisspeptin concentrations and increased liver kisspeptin expression is detected in high-fat diet fed obese and glucose-intolerant mice, as well as from a mouse model of Type 2 DM (T2DM) (18) . Furthermore, the levels of kisspeptin in liver biopsies were higher than those without T2DM. However, in patients with T2DM, the levels of kisspeptin may vary, regardless of the condition of treatment for diabetes mellitus. At this point, it is not obvious whether there is a subgroup of T2DM with elevated kisspeptin expression and it is unclear how this subgroup can be characterized.
In a normal human pregnancy, the time when the insulin resistance develops and reaches its peak is considered to be between the 34-36th weeks of the gestation (31) . This increase in insulin resistance is thought to be an adaptive mechanism of organism to provide a slight excess of energy substrates for the developing fetus. There are two theoretical mechanisms of kisspeptin on insulin-glucose metabolism in pregnancy The first possible mechanism is that: Increased kisspeptin serves to suppress increased insulin secretion to provide a necessary level of redundancy in blood levels of energy substrates by a KISS1R dependent mechanism. The other thought is that kisspeptin serves to increase insulin secretion to compensate for increased insulin resistance in late pregnancy through a receptor-independent mechanism (6,31).
As mentioned above, high levels of kisspeptin in maternal circulation during normal pregnancy may have a physiological role to protect the mother and fetus from increasing glucose levels and the development of GDM. Cetkovic et al. revealed decreased levels of kisspeptin in GDM in their study which is, to the best of our knowledge, the first study that investigated the relationship between kisspeptin and GDM (32) .
When the literature about the kisspeptin is investigated, there are conflicting results about the effect of kisspeptin on insulin secretion. This conflict can be due to the unreliability of the commercially available methods. The reason for non-reliable methods might be the variations in the assay methods, their ranges of detection, and uncertainty about which forms of kisspeptin (i.e., KP10, KP15, KP54) is detected.
The main limitation of the current study is the lack of postpartum follow-up. Also, we did not investigate the complications associated with GDM and newborn follow up is not included in our study. However, in the known literature, there is limited number of studies involving kisspeptin levels and GDM status. Especially, a small number of human studies were published. This issue can be considered a strong side of the study.
In summary, we have demonstrated no association of serum kisspeptin concentration with GDM status in pregnant women. According to the literature, kisspeptin is associated with glucose metabolism. We suggest that long term observation of kisspeptin during pre-pregnancy, pregnancy and postpartum periods would increase our understanding of the pathogenesis of GDM. So, further large-sized prospective studies will be essential to elucidate the contribution of kisspeptin to GDM.
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